Corn was nixtamalized and extruded to make instant nixtamalized corn flour for use in the preparation of Mexican alkaline foods like tortillas. Extruded instant nixtamalized corn flour was prepared with the addition of sodium alginate (0, 0.5 and 1%) and a change in process variables (feed moisture 16, 20, 24% and barrel temperature 125, 150, 175 C) using single screw extruder. The extruder die pressure, specific energy consumption (SEC), and extrudate properties such as expansion, water absorption index (WAI), water solubility index (WSI), and viscosity were analyzed. Sodium alginate interacted with various components of the nixtamalized corn and resulted in an increase in die pressure, SEC, WAI, and viscosity of the extruded flour. WSI and expansion of the extrudates decreased with the increase in sodium alginate concentration. Studies on tortillas had shown that the corn masa containing different concentrations of hydrocolloid (sodium alginate) with high water absorption capacity resulted in highest yields and better textural properties. The study could be useful for the tortilla chip industry where a nixtamalized corn flour with high water retention capacity and low water solubility is desired for better quality and textural properties.
INTRODUCTION
Mexican alkaline cooked food products such as tortillas, tortilla chips, and taco shells are made from corn by nixtamalization. [1] The process involves alkaline cooking, steeping, washing, and grinding of the kernels to produce masa. Pardes-Lopez and Saharopulos [2] and Gomez et al. [3] reported that several changes occur inside the kernel like structural alterations on the outside surface and cell wall of the grain, retention of most of the germ, aleurone, and some pericarp layers during nixtamalization. Several granular and molecular forms of starch occurred in masa due to incomplete gelatinization and retrogradation. The textural characteristics of tortillas are greatly influnced by the binding forms and amount of water retained inside. A dehydrated corn masa produces hard and breakable tortillas. Therefore, retention of water in masa and tortilla is important since excessive water loss makes an unacceptable product. Water soluble high molecular weight polysaccharides have been known for their main application in modification of the rheological properties of aqueous systems, viscosity builders, gelification agents, and stabilizers. [4] [5] [6] The fresh masa is highly susceptible to loose moisture, which makes its texture hard and therefore difficult to shape into round flat form. [7] Hydrocolloids interact with various components of corn (starch, proteins, lipids) producing different effects depending on the type and concentration. [7] The hydrocolloids or gums increase the viscosity of masa and during thermal process compete with water retarding the degree of starch gelatinization [8, 9] and during cooling, inhibits retrogradation of gelatinized starch granules, and increase the flexibility of tortillas. [10] Role of alginates as hydrocolloids have been well documented in food industry. [11] Extrusion cooking, a high temperature short time process with advantage of high versatility is widely used to produce modified starches, ready to eat cereals, texturized vegetable proteins, and pet foods. [12] [13] [14] [15] [16] Extrusion cooking can be advantageously used to improve the qualities of products and produce modified starches, which provide functional attributes for food applications that native starches cannot provide. [17, 18] Arambula et al. [7] evaluated the effects of various commercial gums and lime added before and after extrusion in corn and concluded that the addition of hydrocolloids before extrusion gives better results. Pflugfelder et al. [19] and Gomez et al. [20] reported losses of starch birefringence during commercial nixtamalization of starch. Kaur et al. [21] studied the effects of incorporating various hydrocolloids at different levels and extrusion process variables on the extrusion behavior and product characteristics of rice grit. Arambula et al. [7] studied the effects of hydrocolloids and lime on extruded instant corn flour and concluded that using room temperature dehydration curves, masa with 0.2% (w/w) of lime and with xanthan gum added before extrusion process retained the highest amounts of moisture and tortillas made from this masa showed the highest yields and the best textural characteristics. The objectives of the present work were (1) to study the effect of process variables and sodium alginate on the extrusion behavior of nixtamalized corn grit (2) to study the suitability of extruded nixtamalized flour for tortilla making.
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MATERIALS AND METHODS
Materials
A commercial maize variety Megha from 2000 harvest was procured from Punjab Agricultural University, Ludhiana for the preparation of nixtamalized corn grit.
Preparation of Nixtamalized Corn Grit
A method described by Gomez et al. [20] was modified for the preparation of nixtamalized corn grit. The kernels (9 kg) were cooked for 60 min in 27 L of boiling water-containing 90 g of calcium oxide (CaO). The cooked grains were steeped for 16 h and subsequently washed thoroughly for the removal of loose pericarp tissue. The kernels after alkaline steeping and washing were dried in a cabinet drier at 65 C till the moisture content reached 13%. The dried kernels were made to grit (20 mesh size) by passing through a laboratory grinder. The moisture content of the alkaline cooked corn grit was adjusted to 16, 20, and 24% by spraying a calculated amount of distilled water and mixing thoroughly in a Hobart mixer (Model-N50). Sodium alginate (0, 0.5, and 1%) was added and the corn grit was again mixed in the Hobart mixer.
Extrusion Cooking
A single screw extruder (Model-2003, C.W. Brabender, Hackensack, NJ, USA) with 1.9 cm barrel diameter and 20:1 barrel length and diameter ratio using a 3.5 mm diameter die was used for extrusion cooking. The feed and compression zone temperature was maintained at 70 and 125 C, respectively while die zone temperature was varied from 125 to 175 C. The extruder was run at a constant speed of 100 rpm. The speed of the feeding screw was kept constant at 100 rpm. Extrusion pressure was measured using a Dynisco (Dynisco Ltd.) pressure transducer in the die just before the orifice. Readings were recorded every 30 s for at least 5 min under steady conditions of pressure, which were generally achieved after about 5 min. Specific energy consumption (SEC) was calculated using the expression. [22] SEC ðWh=kgÞ ¼ ðAmperes Â voltsÞ=kg=h throughputÞ
Extrudate Characteristics
The diameter of extrudates was measured as a mean of 10 random measurements using a vernier calliper. Water absorption index (WAI) and Water solubility index (WSI) were determined in triplicate by the method of Anderson et al. [23, 24] Extrudates were ground to pass through 30-mesh sieve. The ground extrudate sample (2.5 g) were mixed in 25 mL distilled water using a glass rod, dispersions were rinsed into centrifuge tubes, made upto 32.5 g, and centrifuged at 3000 Â g for 10 min. WAI and WSI were calculated by using the expressions:
Viscosity
To determine the viscosity of extrudate paste, the extrudates were ground to pass through 30-mesh sieve. The ground extrudate sample (24 g) were mixed in 200 mL of distilled water and cooked at 80 C for 1 h in a water bath (TC-500, Brookfield Engineering Incorporation, USA) with stirring at 15 min intervals. The measurements for viscosity (cp) were taken at 30 C, at 1 rpm using Brookfield viscometer (Brookfield Engineering Incorporation, USA) with spindle no. 18.
Preparation of Tortillas
Extruded nixtamalized flour was rehydrated with enough water to provide fresh masa with proper consistency to make tortillas. Warm water was added at 50 C to the extruded nixtamalized flour. The dough was made into balls of 30 g and resting time was given to dough balls after packing in polythene pouches. Masa was then rounded and shaped in the form of flat discs by pressing between two plates. The masa discs were cooked on a hot plate at about 290 C for 25 s on one side, 30 s on the opposite side and then turned back to the first side and cooked until puffing. Dimensions of the tortillas were of 1.2 mm in thickness, 15 cm diameter, and a weight of 20 g.
Weight Loss (%) of Tortillas
The weight loss (%) was determined by weighing a tortilla before and after cooking and reported as %age according to the formula [(weight of raw tortillaweight of cooked tortilla)/(weight of raw tortilla)] Â 100.
TEXTURAL CHARACTERISTICS OF TORTILLAS Tensile Strength and Cutting Force of Tortillas
An Instron Universal Testing Machine (Model-4464, Instron, Buckinghamshire, England) was used to determine the tensile strength and cutting force of tortillas.
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A sample consisting of 3.8 Â 9 cm strip was cut from the middle part of the tortilla and placed on a probe attached to the head of the Instron. The head moved the probe upward at 2 mm/s until the tortilla broke. A sharp probe was used to determine the cutting force of the tortillas. The machine head moved the probe downward at 2 mm/s until the piece of the tortilla was cut. The tensile strength and cutting force were expressed as the peak force (g) required for breaking or cutting the strip of the tortilla. These measurements were made after 30 min of preparation of tortilla.
Rollability of Tortillas
The rollability of the tortillas was determined as described by Bedolla. [25] The whole tortilla was rolled around a glass rod of 2 cm diameter and the breakage degree was determined using a perception scale from 1 to 5, where 1, 2, 3, 4, and 5 corresponded to breakage degrees of about 0, 25, 50, 75, and 100% of the length of the tortilla.
STATISTICAL ANALYSIS
The data reported in all the tables were subjected to statistical analysis using Minitab Statistical Software (Minitab Inc., USA).
RESULTS AND DISCUSSION
Die Pressure
Among the three variables, sodium alginate and feed moisture showed significant effect on die pressure of extruder both in linear and quadratic terms ( Table 2 ). Die pressure of extruder decreased with the increase in feed moisture and increased with the increase in sodium alginate levels. Sodium alginate showed greater effects on die pressure at lower feed moisture and higher barrel temperature. The effects of feed moisture and barrel temperature support the earlier reported findings. [26] [27] [28] The effects of sodium alginate may be attributed to the increase in dough mass viscosity inside the barrel due to the interaction of the sodium alginate with starch, proteins, lipid components of nixtamalized corn grit.
Specific Energy Consumption (SEC)
The results reported in Table 2 showed that sodium alginate concentration had the greatest effect followed by barrel temperature on SEC of extruder. Sodium alginate and barrel temperature showed significant effect on SEC of extruder both in linear and quadratic terms. Sodium alginate in interaction with barrel temperature also showed a significant effect on SEC of extruder ( p 0.01). SEC increased with the increase in sodium alginate and decreased with increase in barrel temperature.
Similar effects of increasing barrel temperature during extrusion cooking of different cereals with twin and single screw extruders have been reported previously. [29] The complexation of sodium alginate with partially gelatinized and retrograded starch granules in the nixtamalized corn during extrusion cooking may have increased the dough mass viscosity in the barrel that ultimately increased the SEC of the extruder.
Expansion
The regression coefficients for expansion as function of barrel temperature, feed moisture, and sodium alginate are shown in Table 1 . The regression analysis results showed the significant effect of barrel temperature and feed moisture on expansion of extruder both in linear and quadratic terms ( Table 2 ). The effect of sodium alginate in interaction with feed moisture and barrel temperature on expansion was also significant. Expansion decreased with the increase in feed moisture and increased with the increase in barrel temperature. Sodium alginate caused greater decrease in expansion at lower feed moisture and higher barrel temperature. The decrease in expansion with the addition of sodium alginate may be attributed to the interaction of the sodium alginate with the nixtamalized corn starch which may have inhibited the expansion. A number of studies showed an inverse relationship between feed moisture and expansion of extrudates from different cereals. [16, [30] [31] [32] [33] Water Solubility Index (WSI)
The regression model for WSI of nixtamalized corn as a function of feed moisture, barrel temperature, and sodium alginate is shown in Table 1 . Barrel temperature showed significant effect on WSI of extrudates both in linear and quadratic terms ( Table 2) . Sodium alginate and feed moisture also showed significant effect on WSI of extrudates, however, in quadratic terms only. Both barrel temperature and sodium alginate showed greater effect on WSI under lower feed moisture conditions. Feed moisture in interaction with barrel temperature and sodium alginate also showed significant effect, however, former combination effect was greater. WSI increased with the increase in barrel temperature and decreased with the increase in sodium alginate and feed moisture. This effect of sodium alginate may be attributed to its high water retention capacity and interaction with starch components, which results in the increase in the viscosity. During thermal processing, the gums compete with water, retarding the degree of starch gelatinization, which may have also resulted in a decrease in WSI. [8, 9] The higher WSI of extrudates without the addition of sodium alginate was probably due to the fact that most of the natural gums present in the corn skin were dissolved and washed away during the wet cooking of corn to form nixtamah. [7] The effect of feed moisture may be attributed to higher degradation of starch at lower feed moisture and of higher barrel temperature to greater gelatinization of starch. [16] ORDER REPRINTS 
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Water Absorption Index (WAI)
The regression coefficient for WAI as function of barrel temperature, feed moisture, and sodium alginate are reported in Table 1 . All the three variables showed significant effect on WAI of extrudates both in linear and quadratic terms, however sodium alginate showed greatest effect followed by feed moisture and barrel temperature ( Table 2 ). Among the various interactions terms, only feed moisture in interaction with barrel temperature showed significant effect on WAI of extrudates. An increase in barrel temperature, feed moisture, and sodium alginate caused an increase in WAI. The increase in WAI with the increase in sodium alginate beyond 0.5% level was less pronounced. Sodium alginate may have interacted with the starch components of the corn during extrusion cooking and resulted in high water absorption. Arambula et al. [7] also reported an increase in water aborption capacity during extrusion cooking of corn masa with various hydrocolloids. The higher WAI values by the addition of sodium alginate may also be due to the water retention capacity of the sodium alginate, which provides better interaction with components of nixtamalized corn (starch, proteins, lipids).
Viscosity
The regression model for viscosity of extruded nixtamalized corn as a function of feed moisture, barrel temperature, and sodium alginate had R 2 of 97.7% indicating that the model is appropriate. Sodium alginate showed significant effect on viscosity of extrudates both in linear and quadratic terms while barrel temperature showed significant effect in linear terms only. Barrel temperature in interaction with feed moisture and sodium alginate showed significant effect on viscosity of extrudates. Viscosity of extrudates increased with the increase in sodium alginate and barrel temperature. The increase in viscosity as function of sodium alginate was more at higher barrel temperature. Barrel temperature caused greater change in viscosity of extrudates at higher feed moisture. The hydrocolloids increase the viscosity of corn masa and compete with water retention capacity of the starch during thermal processing. [7] This may be resulted due to high mechanical shearing and higher tendency of the sodium alginate for water retention.
TORTILLA MAKING PROPERTIES
Weight Loss (%) of Tortillas
The weight loss (%) of tortillas prepared from extruded nixtamalized corn flour was determined after baking. The weight loss (%) of tortillas varied from 31 to 40 ( Table 3 ). The addition of sodium alginate at all levels reduced the weight loss (%) of the tortillas. This may be attributed to the water retention capacity of the sodium alginate that retained the water molecules in the tortillas during baking. The gums increase the viscosity of masa dough and during thermal processing competes with water. [7] The tortillas prepared from nixtamalized flour without added gums showed higher weight loss. This may be attributed to the fact that most of the natural gums present in the corn skin were washed away as part of the nejayote during the wet cooking of corn to form nixtamal. [7] TEXTURAL CHARACTERISTICS OF TORTILLAS
Cutting Force and Tensile Strength
The textural properties of tortillas determined by cutting force and tensile strength varied significantly ( Table 3 ). The tortillas made from nixtamalized flour with added sodium alginate exhibited low tensile strength and cutting force. The ideal textural parameters in a tortilla are low tensile strength and cutting force. [7] The lower tensile strength and cutting force of the tortilla may be attributed to the retention of water and inhibition of retrogradation of the gelatinized starch granules, which improved the textural properties of the tortillas. [9, 10] 
Rollability of the Tortillas
The tortillas containing higher levels of sodium alginate showed higher rollability scores (Table 3 ). Arambula et al. [7] also reported an improvement in rollability for the tortillas containing different gums. The higher rollability scores for the tortillas containing sodium alginate may be attributed to the higher water retention ability, which reduced the dehydration in the masa dough that ultimately resulted in higher rollability of the tortillas.
CONCLUSION
Sodium alginate (0.5 and 1%) was added to the nixtamalized corn grit before extrusion cooking. The extruded nixtamalized corn was finely ground to make instant nixtamalizd flour. Nixtamalized flour from extrudates containing sodium alginate resulted in higher WAI, viscosity, and lower WSI. The tortillas made from extruded nixtarnalized flour with added sodium alginate showed lower baking losses. Properties evaluated for tortillas prepared from nixtamalized flour (extruded at temperature of 150 C and 20% moisture content).
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Thus, by using the nixtamalized flour containing sodium alginate in suitable proportions, tortillas with better textural properties can be produced.
